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be true; and further that these statements were made with 
the knowledge that willful false statements and the like 
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[NAME OF THE DOCUMENT] SPECIFICATION 

[TITLE OF THE INVENTION] INKJET RECORDING APPARATUS 

[SCOPE OF PATENT CLAIMS] 

Claim 1- An Inkjet recording apparatus, comprising: 

a recording head to eject ink droplets from a plurality 
of nozzles onto a recording medium; 

a recording head moving device to move the recording 
head in the main scanning direction; 

a recording medium feeding device to feed the recording 
medium on a platen in the sub-scanning direction; 

a mark recording device to record a predetermined mark 
on the recording medium by ejecting the ink droplets from at 
least any one of the nozzles, while the recording head is 
moved by the recording head moving device; and 

a mark detecting device to detect the mark recorded by 
the mark recording device^ the mark detecting device which is 
arranged at a predetermined distance position from the 
recording medium, and is moved together with the recording 

r 

head by the recording head moving device; 

wherein the feeding amount of the recording medium forced by 
the recording medium feeding device is determined on the 
basis of the position on which the mark detecting device 
detects the mark. 
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Claim 2. The Inkjet recording apparatus in Claim 1, 
wherein the mark is yellow- 

Claim 3- The Inkjet recording apparatus in Claim 1 
or 2/ wherein the mark is printed at the point located 
outside an image printing area* 

Claim 4. The Inkjet recording apparatus in claim 1, 
2 or 3/ wherein the recording medium feeding device feeds the 
recording medium at a high speed to a position which is 
adjacent to a position on which the mark will be detected by 
the mark detecting device, and further feeds the recording 
medium at a low speed from 'the" position adjacent to the mark* 

Claim 5. The ink jet recording apparatus in any one 
of Claims 1 to 4, further comprising: 

a memory device to store the feeding amount of the 
recording medium^ wherein when the mark detecting device can 
not detect the mark as it normally does, the recording medium 
is fed on the basis of the previous feeding amount stored in 
the memory device. 

Claim 6. The ink jet recording apparatus in any one 
of Claims 1 to 5, wherein a feeding distance of the i?ecording 
medium until the mark detecting device detects the mark, is 
less than the feeding amount which the recording medium must 
advance fundamentally - 
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Claim 7- The inkjet recording apparatus in any one 
of Claims 1 to 6/ further comprising: 

a feeding amount detecting device which detects the 
feeding amount of the recording medium, 

wherein the recording medium feeding device has a changeover 
device which can switch to a case in which the feeding amount 
of the recording medium is determined on the basis of the 
position where the mark detecting device detects a detection 
signal, or another case in which the feeding amount of the 
recording medium is determined on the basis of only the 
detection signal from the feeding amount detecting device. 

Claim 8- The inkjet recording apparatus in any one 
of Claims 1 to 7, wherein the mark detecting device works for 
both 

a recording medium detecting device which detects 
whether or not the recording medium exists, and 

a bi-directional position detecting device which 
performs bi-directional positioning of the recording head in 
relation to the recording medium. 

Claim 9, The inkjet recording apparatus in any one 
of Claims 1 to 8, 
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wherein the mark recording device records a plurality 
of marks at a time, on the recording mediumi by the ink 
droplets ejected from a plurality of the different nozzles, 

the mark detecting device detects the plurality of 

marks / 

the recording medium feeding device calculates and 
assumes a position which gives the smallest detection error 
from the distance interval calculated by the nozzle pitch of 
the recording head, referring to the position of each mark 
detected by the mark detecting device, 

and wherein the feeding amount is determined on the 
basis of the calculated and assumed position. 
[DETAILED EXPLANATION OF THE INVENTION] 
[0001] 

[TECHNICAL FIELD PERTAINING TO THE INVENTION] 
The present invention relates to an Inkjet recording 
apparatus, and in particular, to an inkjet recording 
apparatus in which a feeding accuracy of a recording medium 
in a sub-scanning direction is improved. 
[0002] 

[PRIOR ART] 

In an inkjet recording apparatus for recording desired 
images by ejecting in,k droplets on the recording medium, the 
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5 



recording head for ejecting the ink droplets is moved above 
the recording medium in the main scanning direction^ and 
thereafter the recording head, with respect to each line 
recording, is repeatedly moved, in the sub-scanning 
direction, which ia perpendicular to the main scanning 
direction. 
[0003] 

Heretofore, the movement of the recording medium in the 
sub-scanning direction was generally achieved by the 
intermittent feeding operation of a stepping motor, or by a 
DC motor having a rotary encoder. In the former case, when 
one line is recorded by the recording head in the main 
scanning direction, the predetermined number of pulses is 
applied to the stepping motor, and this number of pulses 
becomes the feeding distance, which is the predetermined 
length (Patent Document 1) to feed the recording medium in 
the sub feeding direction. While in the latter case, feeding 
of the recording medium in the sub-scanning direction is read 
from the counted number of pulses generated by the rotary 
encoder, and thereby the movement of the recording medium is 
controlled by the counted number of pulses by which the 
predetermined feeding amount can be obtained. (Patent 
Document 2) • 
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[0004] 

Further, there is a case wherein the rotary encoder is 
installed on a rotating shaft of a feeding roller which feeds 
the recording medium in the s\ab"-acanning direction, and 
therefore the feeding amount is controlled by the coimted 
number of pulses {Patent Document 3) . 
[0005] 

[Patent Document 1] Tokkaihei 11-334160 
[Patent Docximent 2] Tokkaisyou 59-171664 
[Patent Document 3] Tokkaihei 4-19149 

[0006] 

[PROBLEMS TO BE SOLVED BY THE PRESENT INVENTION] 
In recent years, in order to record the images with 
extended definition at a high speed, the number of the 
nozzles of the recording head was increased, as was the 
length of the nozzle array of the recording head, and since 
the length of the recording head in the sub-scanning 
direction increased, it essentially required the improvement 
of the feeding accuracy. For example, recently researched 
was an image recording method to obtain extended definition 
images having no banding, by printing the images by each 
block. Such a recording method requires a greater feeding 
distance of the recording medium in the sub-scanning 
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dirsction at one time, therefore, a dramatic increase of 
feeding accuracy is essential, which however has pot been 
used practically, 
[0007] 

Because, the feeding amount of the recording medium on 
the inkjet recording apparatus is indirectly affected by only 
counting the pulses of the stepping motor to drive a feeding 
roller of the recording medium^ or the pulses generated by 
the rotary encoder, and thereby errors occur in the practice 
in the fed amount of recording medium, which in turn causes a 
white band between each block of printing, deteriorating the 
image quality- That is, whichever device may be used the 
stepping motor or the DC servo motor integrated with the 
rotary encoder, the feeding amount of the recording medium 
which is obtained by the counted number of pulses, does not 
show the real fed amount, owing to factors such as errors of 
diameter of the feeding roller and the shaft center position 
of the feeding roller, the difference between the thickness 
of the recording media, and the slip generated between the 
feeding roller and the recording medium, resulting in errors 
of the real fed amount of the recording medium, and thereby 
generating white bands- Such a problem may be solved by 
installing the rotary encoder on the rotating shaft of the 
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feeding roller, this however does not obtain sufficient 
improvement when the feeding distance increases. 
IQ008] 

The objective of the present invention is to provide an 
inkjet recording apparatus which can feed the recording 
medium very precisely, even when the feeding distance in the 
sub-scanning direction of the recording medium is increased 
greatly- 
[0009] 

[MEANS TO SOLVE THE PROBLEMS] 

The above objective is solved by the following 
structures . 
[0010] 

structure 1 

Toi ink jet recording apparatus having therein: 

a recording head to eject ink droplets from a plurality 
of nozzles onto a recording medium; 

a recording head moving device to move the recording 
head in the main scanning direction; 

a recording medium feeding device to feed the recording 
medium on a platen in the sub-scanning direction; 

a mark recording device to record a predetermined mark 
on the recording medium by ejecting the ink droplets from at 
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least any one of the nozzles^ while the recording head is 
moved by the recording head moving device; and 

a mark detecting device to detect the mark recorded by 
the mark recording device, the mark detecting device which is 
arranged at a predetermined distance position from the 
recording medium, and is moved together with the recording 
head by the recording head moving device; 

wherein the feeding amount of the recording medium forced by 
the recording mediim feeding device is determined on the 
basis of the position on which the mark detecting device 
detects the mark. 
[0011] 

Structure 2 

The ink jet recording apparatus described in structure 
1, wherein the mark is yellow - 
[0012] 

Structure 3 

The inkjet recording apparatus described in any one of 
structure 1 or 2, wherein the mark is printed at the point 
located outside an image printing area. 
[0013] 

Structure 4 
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The Inkjet recording apparatus described in structure 
1, 2 or 3, wherein the recording medium, feeding device feeds 
the recording medium at a high speed to a position which is 
adjacent to the position where the mark is detected by the 
mark detecting device, and further feeds the recording medium 
at a low speed fiom the position adjacent to the mark, 
[0014] 

Structure 5 

The inkjet recording apparatus described in any one of 
structures 1 to 4, further having: 

A memory device -to ^tore the' feeding amount of the 
recording medium, wherein whe3(i the mark detecting device can 
not detect the mark as it normally does, the recording medium 
is fed on the basis of the previous feeding amount stored in 
the memory device. 
[0015] 

Structure 6 

The inkjet recording apparatus described in any one of 
structures 1 to 5, wherein the feeding distance of the 
recording medium in the sub-scanning direction until the mark 
detecting device detects the aforementioned mark, is less 
than the feeding amount which the recording medium must 
advance fundamentally in the sub-scanning direction. 
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[0016] 

Structure 7 

The Inkjet recording apparatus described in any one of 
structures 1 - 6r further having: 

a feeding amount detecting device which detects the 
feeding amount of the recording medium, 

wherein the recording medium feeding device has a changeover 
device which can switch to a case in which the feeding amount 
of the recording medium is determined on the basis of the 
position where the mark detecting device detects the 
detection signal, or another case in which the feeding amount 
of the recording medium is determined on the basis of only 
the detection signal from the feeding amount detecting 
device • 
[0017] 

Structure 8 

The inkjet recording apparatus described in any one of 
structures 1-7, wherein the mark detecting device works for 
both .... . . 

The recording medium detecting device which detects 
whether or not the recording medium exists, and/or 



PAGE 37/70'RCVDAT11/9/2005 3:27:16PM [Eastern Stand 



NOV. 9.2005 3:3?PM +1-212-319-5101 customer 01933 



NO. 2557 P. 38 



12 



a bi-directional position detecting device which 
performs bi-directional positioning of the recording head in 
relation to the recording mediim. 
[0018] 

Structure 9 

Th6 ink jet recording apparatus described In any one of 
structures 1-8, 

wherein the mark recording device records a plurality 
of marks at a time, on the recording medium by the ink 
droplets ejected from a plurality of the different nozzles, 

the mark detecting device detects any one of the 
plurality of marks r 

the recording medium feeding device calculates and 
assumes a position which gives the smallest detection error 
from the distance interval calculated by the nozzle pitch of 
the recording head, referring to the position of each mark 
detected by the mark detecting device, and the feeding amount 
is determined on the basis of a standard position. 
[00191 

[PREFERRED EMBODIMENT OF THE INVENTION] 
The various embodiroents of the invention will be 
described in detail, while referring to the drawings. 
[0020] 
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Fig. 1 is a structural drawing showing the general 
outline of the Inkjet recording apparatus relating to the 
present invention, in Fig. 1, syiabol H is a recording head, 
which is composed of four heads hi - h4/ corresponding to 
four colors Y, M, C and However, the number of the heads 
in recording head H is not limited to four. 
[0021] 

Numerous nozzles (not illustrated) are aligned in one 
line perpendicular to the main scanning direction of 
recording head H on the undersurf aces of each head hi - h4. 
Control section 10, installed in the Inkjet recording 
apparatus main body, controls head driver 11 to eject the 
small ink droplets, which are formed from liquid ink, 
downward in the case of Fig. 1, from each nozzle of each head 
hi - h4 at predetermined timing, and thereby the desired 
image is formed on recording medium P. 
[0022] 

Recording head H is installed on a carriage, not 
illustrated, and motor driver 12 which is controlled by 
control section 10, activates main scanning motor 13^ which 
drives united heads hi - h4r bi-directionally in the main 
scanning direction. In the present embodiment, the recording 
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head moving device is composed of control section 10 ^ motor 

driver 12, and main scanning motor 13. 

10023] 

Recording medium P is nii^ed by paired feeding rollers 
Rl and R2 which are driven by sub-scanning motor 15r and 
motor driver 14 controlled by controller 10 drives sub- 
scanning motor 15, and thereby recording medium F is fed 
intermittently with the predetermined amount in the sub- 
scanning direction (left direction in Fig. 1) perpendicular^ 
to the scanning direction of recording head H- In the 
present embodimentf the recording medium feeding device of 
the present invention is composed of control section 10, 
motor driver 14, sub-scanning motor 13, and feeding rollers 
Rl and R2. 
[0024] 

In the ink jet recording apparatus relating to the 
present invention. In the procedure of driving the recording 
head moving device in the main scanning direction, control 
section 10 controls head driver 11 to eject the ink droplets 
from at least one of the nozzles, and therefore prints 
predetermined itiark M on recording medium P, Accordingly in 
the present embodiment, the mark recording device is composed 
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of control section 10 r head driver 11, and recording head 

as explained above. 

[0025J 

Any pattern will be acceptable as mark M, if only mark 
M, printed on recording medium P, can be produced by the 
droplets ejected from the nozzle, while recording head H 
moves in the main scanning direction, and which further can 
be detected by the later-mentioned mark detecting device, 
however, in this embodiment, mark M is printed as a short 
straight line having a constant length (1.0 mm, for example) 
in the main scanning direction. When Mark M is such a 
straight line (a line) as mentioned above, mark M can be 
easily printed in only one scan of recording head H. 
FUrther, the mark detecting device mentioned later can 
precisely detect it, and thereby recording medium P can be 
fed very precisely* 
[0026] 

Still further, in the case that recording head H is 
composed of plural heads hi - h4 as shown in the present 
embodiment, the head for printing mark M can be any one of 
the heads (h4, for example), and the nozzle for ejectdSig the 
ink droplets can be any one of nozzles of that head. 
C0027] 
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When plural colored inks in the plural heads are used 
for image recordingr the color of mark M is preferably Y 
(yellow) , because a yellow mark M is barely visible on 
recording medium P. Still further^ for plural heads which 
can eject both dark ink and light ink, the light yellow ink 
is still less visible and more preferable, 
[0028] 

In order not to exert bad influence on the imager 
it is preferable that mark M is printed on the area outside 
the printing area of recording medium P. On the both sides 
of EBcording medium P in the sub-scanning direction, if there 
are the non-printing area on which the images are not 
printed, mark M is printed on the non-printing area as shown 
in Fig. 2. It is preferable that mark M is printed on the 
non-printing areas existing at the both side, and more 
preferably, mark M should be printed on any -one of the non- 
printing areas, that is, on the side on which the after- 
mentioned mark detecting device faces and is installed on. 
[0029J 

As shown in Fig* 1, optical sensor 16, representing the 
mark detecting device of the present invention, is provided 
on either of the sides of recording head H which are parallel 
to the main scanning direction of recording head H. 
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As shown in Fig. 3, optical sensor 16 is a sensor 
having in housing 161: 

light emission element 163 which radiates the detecting 
light at an angle to the surface of recording medium P 
through opening 162; 

condenser lens 164 which focuses the detecting light 
rays onto the surface of recording medium P; 

condenser lens 165 which condenses light rays reflected 
from recording medium P, and 

light receiving element 166 which receives light rays 
focused by condenser lens 165; 

wherein when optical sensor 16 detects a change of the 
amount of light rays^ that is, when mark M on recording 
medium P passes under the detecting light rays radiated onto 
recording medium, mark M was detected • 

The output signal from optical sensor 16 is inputted 
into control section 10, and control section 10 determines 
whether or not mark M was detected. 
[0030] 

When mark M is printed in Y ink, a blue LED is 
preferably used as light emitting element 163 ^o -eA^ily ^ 
detect mark M, and generally a photo-sensor is used for the 
light receiving element 165. 
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[0031] 

It Is preferable that optical sensor 16, being the mark 
detecting means, also functions as a sensor for the recording 
medium detecting means which detects the presence of 
recording medium P, that is, whether recording mediUKi P 
arrives at the position where recording head H conducts the 
recording. By employing optical sensor 16 which functions not 
only as the mark detecting means but also as the recording 
medium detecting means, it is possible to reduce the number 
of parts, and also to reduce production cost. 
[0032] 

Further, it is preferable that optical sensor 16 also 
functions as a sensor for the bi-directional position 
detecting means which conducts the bi-directional positioning 
of recording head H in relationship to recording medium P. 
That is, when recording head H moves along the main scanning 
direction, optical sensor 16 detects the position of both 
edges of recording medium P, and thereby the bi-directional 
positioning of recording head H is performed. By using 
optical sensor 16 also for this purpose, it is possible to 
still furthej: reduce the number of parts, and to reduce 
production cost. 
[0033] 
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Obviouslyr it is preferable that optical sensor 16 
functions not only as a sensor for the above-mentioned 
recording medium detecting means but also as a sensor the 
above-mentioned bi-directional .position detecting means, by 
which the number of parts is further reduced. 
[0034] 

Next, the structure of the present invention will be 
described, while referring to the drawing of a block printing 
method shown in Fig* 4 which is one of the image recording 
methods. For the sake of simplicity ^ explained is the 
operation of only one head (symbol *'h" is used for this head 
in Fig. 4) among plural heads hi - h4 in recording head H, 
while the recording medium is not at all illustrated in the 
drawing. 
[0035] 

The block printing method shown in Fig. 4 shows the 
method for printing one blocks wherein head h having *'m'' 
nozzles including nozzles No. 1 - No* m is employed, and the 
gap between each nozzle is filled by four scans. In this 
case, it is assumed that when head h is moved in the main 
scanning direction, that is, toward the right in Fig- 4^ ink 
is ejected and printing is performed. In Fig. 4^ nozzle No. 
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1 ia shown by a blackened circle mark (•) , while the other 

nozzles are shown by white circles (o). 

[0036] 

In the n^* scanning performed by head h, after each 
nozzle ejects ink and prints ro lines, in order to perform the 
(n+1)*^ scanning of the same head h, the recording medium is 
fed for a prescribed distance in the sub-scanning direction 
by the operation of the recording medium feeding means. For 
convenience of explanation in Fig. 4, feeding of the 
recording medium is shown by feeding from the (n)**" scanning 
position to the (n+1)* scanning position, which is in the 
lower right direction of head h in the figure. 
[0037] 

In this printing method, 

in the (n+D* scanning, recording medium ia fed so 
that the line which is printed by nozzle No. 1 of head h is 
adjacent to the line which was printed by nozzle No. 2 in 
(n)*** scanning, 

in the (n+2)*^ scanning, recording medium is fed so 
"that the line which is printed by nozzle No-l of head h is 
brought to be adjacent to the line which was printed by 
nozzle No. 2 in (n+1)*^ scanning. 
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in the (n+3>^ scanning, recording medium is fed so 
that the line which is printed by nozzle No.l of head h is 
brought to be adjacent to the line which was printed by 
nozzle No. 2 in (n+2)** scanning, and 

in the (n+4)^ scanning, recording medium is fed so 
that the line which is printed by nozzle No.l of head h is 
brought to be adjacent to the line which was printed by 
nozzle No- 2 in {n+3)^ scanning- 

Where, for example, while the movement from the 
scanning to the (n+l)^** scanning, in order to prevent the 
adjacent four lines, which are printed by four passes, from ' 
being printed by ink ejected from the same nozzle, and 
further in order to create the dispersion on errors caused by 
the shot declination of the ink droplet ejected from the 
identical nozzle, the line which is printed by nozzle No. 1 
is brought to be adjacent to the line which was printed by 
nozzle No. 2 in the {n)^ scanning. 
[0038] 

By the above-mentioned four times operations (four 
scans) r the gap between the lines printed by the n^ scanning 
is completely filled/ and the printing of one block is 
completed. The feeding distance of the recording medium 
during the four scanning operations is relatively short. 
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After printing of one block is completed, the recording 
meditim is fed to the position of (n+4)** scanning for head h 
as shown in Fig. 4, for the purpose of printing the second 
block in the same way as above, and the feeding distance of 
the recording medium is relatively long. 
100391 

For exan^le, when the four-scanning operations 
mentioned above are pGrfomied under the condition that the 
nozzles of head h consists of 128 pieces, the interval of the 
nozzles is 140 pm, the feeding distance of the recording 
medium in three of the four scans is 140 + 140/4 - 175 pm, 
being a short feeding distance, and every four scan, the 
feeding distance is (128 ^ 4) x 140 + 140/4 = 17395 )m, being 
a long feeding distance. 
[0040] 

In the conventional technology, the deterioration of 
the image quality was found to be due to a white line which 
was generated between the blocks by feeding errors, while the 
long feeding distance. However, in the present invention, 
since mark M is recorded in the image on the recording medium 
by any one of the nozzles, the recording medium is preciseAy«. 
fed by the after-mentioned operation. Concerning the 
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recording of mark if only at least one mark M is recorded, 
and if mark M is recorded by a specified nozzle and at 
specified timing, the timing for recording mark M is 
effective r whenever mark M is recorded while the image is 
printed* Fig- 4 shows the case in which when the first 
scanning for printing a block is performed, straight mark M 
having a constant length in the main scanning direction is 
recorded in a non-printing area by nozzle No» m which is 
positioned at the rear most end in the sub directional 
^direction in head -h,^ *^'-- * *»^' . 
[0041] 

Fig. 5 is a flow chart which shows r in the long 
distance movement, the control operation from (n+3)*'^ 
scanning which is the final scanning while printing one block 
by head h, to (n+4)^ scanning which is the first scanning 
for printing the following block. 

Referring to this flowchart and Figs. 1 and 4, the 
operation of the control will be explained- 
[0042] 

When the printing of one block in four scannings is 
completed, control section 10 activates motor driver 14 to 
rotate sub-scanning motor 15 at a high speed, and feeds 
recording medium P at a high speed in the sub-scanning 
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direction, so that the position where mark M is printed is 
brought to be adjacent to optical sensor 16 provided on 
recording head H (Si). 
[0043] 

In the present embodiment, as shown in Pig. 1, encoder 
17 as the movement amount detecting means for detecting the 
movement amount of recording medium P, is provided on feeding 
roller Rl or R2. If mark M is recorded by the specified 
nozzle and at the specified timing, the position of mark P is 
understood ahead of time, and thereby, by counting the number 
of pulses generated by encoder 17 while recording medium P is 
fed, it is possible to recognize whether mark M is brought to 
be adjacent to the position where optical sensor 16 detects 
mark M. 
[0044] 

By counting the number of pulses, when controller 10 
detects that recording medium P has been fed adjacent to the 
position where mark M is detected by optical sensor 16 {S 2) , 
in order to precisely detect mark M by optical sensor 16, 
control section 10 changes the rotation rate of sub-scanning 
motor 15 to a lower level, and feeds recording medium P at a 
lower speed (S 3) . In the way just mentioned above, control 
section 10 feeds recording medium P at a high speed to the 
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adjacent position where mark H is detected, and then changes 
to a low speed. Accordingly, it is possible to precisely 
detect mark M and to shorten the movement time, which 
shortens the recording time, and further it is the preferable 
method. 
[0045] 

When recording medium P is fed, recording head H waits 
at the position where detecting light emitted from optical 
sensor 16 passes over mark M recorded on recording medium P 
(in this case, a non-printing area of recording medium P) . 
Next, optical sensor 16 detects mark M, and the detected 
signal is sent to control section 10 (S 4) . 
[0046] 

After mark M is detected, control section 10 detects 
the position of mark M from the counted value of encoder 17, 
and resets the counted number which is the number of pulses 
from encoder 17 (S 5), which is stored in memory section 18. 
[0047] 

Next, control section 10 determines a reference 
position for feeding recording medium P for the long distance 
movement, based on the detected position of the detected 
signal of mark M. That is, control section 10 activates 
motor driver 14 to drive sub-scanning motor IS, so that 



PAGE51/70'RCVDAT 111912005 3:27:16PM [Eastern Standard Tiine]*SVR:^^^^ 



NOV. 9. 2005 3:39PM +1-212-319-5101 customer 01933 



NO. 2557 P. 52 



26 



control section 10 feeds recording medium P in the sub- 
scanning direction, and newly starts to count the number of 
pulses generated from encoder 17 from the above-mentioned 
detected position. Since mark M is printed by a specified 
nozzle at a specified timing (In Fig. 4, when the first 
scanning on block 1 is performed by nozzle No. ro of head h), 
the number of pulses is understood which can feed recording 
medium P from the detected position of mark M to the correct 
position at which the first scanning ((n+4)«»' scanning in 
Fig. 4) will be performed for printing the next block. 
[00481 

Since the number of pulses (that is a specified count 
number) fOr arriving at the correct position is stored in 
control section 10, control section 10 counts the number of 
pulses from encoder 17, and thereby, feeds recording medium P 
from the detected position of mark M to the distance which 
results from the specified count number (S 6) . The distance 
is constant from optical sensor 16 to the position at which 
mark M, actually printed on recording medium P, was detected, 
and further the distance is independent from the environment 
and mechanical errors in rollers Rl and R2, because after the 
distance has been adjusted, the distance is fixed by the 
positions of optical sensor 16 and the printed position of 



PA(£52f70'RCVDAT1119/200S3:27:16PM[Eastem Standard Timel'SVRm 



NOV. 9.2005 3:39PM +1-212-319-5101 customer 01933 



NO. 2557 P. 53 



27 



mark M. Accordingly, even though recording medium P is fed 
in the sub-scanning direction for the long . distance which is 
nearly equal to the length of the head, only small movement 
errors occur, and thereby, feeding errors in the course of 
the long distance movement can be drastically reduced. 
Therefore, when recording head H starts printing for the next 
block, recording head H can ptint the images without a white 
line between the leading block and the next block. 
[0049] 

When mark M is not recorded on recording medium P for. 
any reasons, or when mark M disappears though it was 
recorded, it occasionally happens that optical sensor 16 can 
not normally detect mark M in step S4, though recording 
medium P is fed to the position at which mark M should be 
detected. However, control section 10 Is designed to feed 
recording medium P based on the previous movement amounts. 
That is, the number of pulses of encoder 17 until the 
detection of mark M is stored in memory section 18 as 
mentioned above, it is possible to retrieve the movement 
amounts from the cases of the previous movements which are 
the long distance movements of recording medium p, by the 
stored number of pulses and the above-mentioned specified 
count number, • Accordingly, even when mark M is not detected 
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as normal, control section 10 can feed recording medium P 
without large errors, by controlling motor driver 14 and sub- 
scanning motor 15, based on the movement amounts in the cases 
of the previous movements. 
[0050] 

Further, it may be preferable that the movement 

distance in the sub-scanning direction of recording medium P, 

which is the distance until optical sensor 16 detects mark M 

printed on recording medium P, is shorter than the movement 

amount in the sub-scanning direction, that is, in the case of 
I 

the above-mentioned block printing, the movement amount for 
the long distance movement to perform printing for the next 
block. Due to this, when optical sensor 16 detects mark M 
printed on recording mediim P, the detection of mark M is 
performed in a direction along the sub-scanning direction, 
therefore, the detecting accuracy is increased. 
[0051] 

In the above-mentioned explanation, when recording 
medium P is fed for the long distance in the sub-scanning 
direction, optical sensor 16 detects mark M printed on 
recording medium P, and then the movement amount of recording 
medium P, fed by the recording medium feeding means, is 
determined based on the detected position of the detected 
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signal, or more specifically, it is preferable to switch to 
the case wherein, by counting pulses from encoder 17 shown in 
Fig. 1 for feeding recording medium P in the sub-scanning 
direction, the movement amount of recording medium P, fed by 
the recording medium feeding means, is determined based on 
only the counted number of pulses. 
[0052] 

For the purpose of the above case, controller 10 is 
provided with a switching means for switching the determining 
methods of the movement amount of recording medium P by the 
recording medium feeding means. For example, in the case of 
recording of a higher image quality with minimum streaking, 
the movement amount is determined based on the position of 
the detector wh«n the detector detects mark M, while in the 
case that high speed printing is performed so that printing 
rate has priority over image quality, the movement amount is 
determined based on only the counted number of pulses from 
encoder 17. In the first case, recording medium P can be fed 
with high feeding accuracy, and in the second case, the 
feeding time of recording medium P is shortened and the high 
speed feeding can be attained. 

[00531 
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It is further preferable to siraultaneoasly record 
plural Jnarks M on recording medium P which are formed by ink 
droplets ejected from plural nozzles. Generally, the nozzles 
of the recording head are designed on the assumption that the 
ink droplet is straightly ejected from each nozzle, and the 
pitch of the nozzles are fixed so that the nozzles are 
arranged at regular intervals. However in actual 
manufacturing of recording heads, the form of the nozzles, 
the ink jetting speed from each nozzle, and the jetting 
angles are slightly different. Therefore the ink droplets 
are ejected onto recording medium P slightly away from the 
regular position. When such nozzles result in misalignment 
of impact areas are employed to print mark M, and further 
When the long distance movement of the recording medium is 
performed based on the position of the sensor when the sensor 
detects a mark, such mark M, as mentioned above, errors may ' 
occur. Still further, the simultaneous recording of plural 
marks M on recording medium P by plural different nozzles 
also decrease the occurrence of errors, resulting in a 

further degree of feeding accuracy. 

[0054] 

This example will be explained further, while using 
Fig. 6, which shows the case wherein adjacent five nozzles 
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siroultaneoualy eject ink droplets, and five straight marks Ml 
- M5 are recorded. The pitch of marks Ml - M5 shall be 
naturally equal to the design value of the pitch of the 
adjacent five nozzles- In Fig. 6, the solid line shows an 
assumed position on which the five marks are recorded which 
are calculated from the designed value of the nozzle pitch. 
The assumed positions are aligned at the distance where the 
pitch of the nozzles is equal. However, actual marks Ml - M5 
are aligned with different pitches, due to the misalignment 
of the Impact areas of the ink droplets of each nozzle. In 
this case, the above-mentioned assumed positions shown by the 
solid lines are only processed in control section 10 shown in 
Fig. 1,- and are not actually shown on recording medium P. 
[00551 

As shown in Fig. 1, optical sensor 16 provided on 
recording head H detects in turn the positions of marks Ml - 
M5 recorded on recording medium P, by the movement of 
recording medium P in the sub-scanning direction. In Fig. 6, 
the detected positions of marks Ml - MS detected by optical 
sensor 16 are shown by the alternating long and short dashed 
lines. ' ". 

[00561 
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Control section 10 in Fig. 1 detects errors Gl - G5 
between the above-mentioned assumed positions and the actual 
detected positions. Errors Gl - G5 are detected as positive 
or negative errors, based on the positions to the assumed 
positions in the sub-scanning direction. For example, in 
Fig. 6, errors Gl, G2, and G5 have positive error amounts, 
while errors G3 and G4 have negative error amounts. 
[0057] 

Next, control section 10 calculates the sum of errors 
Gl - G5, and presumes the position of the assumed position. 
Then, obtained is the position wherein the detection error 
between the detected position and the assumed position which 
is distance interval calculated by the nozzle pitch. Control 
section 10 determines the movement amount of recording medium 
P, based on the assumed position which was calculated and 
presumed, and further, control section 10 controls motor 
driver 14 to activate sub-scanning motor 15, and thus feeds 
recording medium P. Therefore, the errors of the detected 
position of mark M due to the difference of nozzles of the 
recording head, is controlled to be minimal so that it is 
possible to feed recording medium P very precisely. 
[0058] 

[EFFECTS OF THE INVENTION] 
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According to structure 1, it is possible to provide an 
ink jet recording apparatus wherein the record4,ng medium can 
be accurately fed, even when the recording medium is fed for 
the long distance in the sub-scanning direction. 
10059] 

According to structure 2, it is possible to make the 
mark recorded on the recording medium invisible. 
[0060] 

According to structure 3, the mark recorded on the 
recording medium does not influence the images. 
[0061] 

According to structure 4, the recording medium is fed 
at a relatively high speed to a position which is adjacent to 
the position where the mark is detected, and further it is 
fed at a lower speed when it comes near the position for mark 
detection, therefore the mark can be detected accurately and 
the feeding time is reduced, that is, the overall recording 
time can be reduced. 
[0062] 

According to structure 5, even when the mark cannot be 
detected, the recording medium is fed on the basis of the 
previous amount of movement so that the recording medium can 
be fed without large errors. 
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[0063] 

According to- structure 6, the detection of mark M 
recorded on the recording medium is performed in a direction 
along the sub-scanning direction so that the detecting 
accuracy can be increased. 
[0064] 

According to structure 1, it is possible to select a 
case in which the recording inediuni is fed with high accuracy, 
or a case in which the movement time of the recording medium 
is shortened for the purpose of high speed processing, based 
on the using condition, and accordingly, an ink jet recording 
apparatus with high usability can be provided. 
[0065] 

According to structure 8, the number of parts is 
reduced so that the cost can be further reduced. 
[0066] 

According to structure 9, since it is possible to 
control errors of the detecting position of the mark, caused 
by differences of each nozzle of the recording head, to a 
minimum level, the recording medium can be fed at a high 
degree of accuracy. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 
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Fig. 1 is a schematic drawing showing the general 
outline of the Inkjet recording apparatus relating to the 
present invention. 

Fig. 2 is a drawing showing the position of the mark 

printed on the recording medium. 

Fig. 3 is a drawing showing the structure of the mark 

detecting device. 

Fig- 4 is a drawing explaining an example of the block 

printing process - 

Fig. 5 is a flowchart showing the controlling operation 

when the recording medium advances. 

Fig. 6 is a drawing explaining the operation when 
plural marks are printed. 

[EXPLANATION OF THE SY^©OLS] 

H: recording head 

hi - h4: head 

P: recording medium 

Mr Ml * MS: mark 

Rl, R2: feeding roller 

10; control section 

11: head driver 

12: motor driver 

13: main scanning motor 
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14: motor driver 

15; sub-scanning motor 

16: optical sensor (mark detecting means) 

17 : encoder 

18: memory section 
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FIG. 2 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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[NAME OF THE DOCOMENT] ABSTRACT 

[MSTRACT] To provide an Inkjet recording apparatus in which 
a recording mediuia can be fed accurately even when .the 
recording medium is fed for the long distance in the sub- 
scanning direction. 

[PLOBLEM] An Inkjet recording apparatus, including: 

a recording head H to eject ink droplets from a 
plurality of nozzles onto a recording medium P; 

a recording head moving device to move the recording 
head H in the main scanning direction; 

a recording medium feeding device to feed the recording 
medium P in the sub-scanning direction; 

a mark recording device to record a predetermined mark 
on the recording medium P by ejecting the ink droplets from 
at least any one of the nozzles, while the recording head H 
is moved by the recording head moving device; and 

a mark detecting device to detect the mark M recorded, 
by the mark recording device, the mark detecting device 16 
which is arranged at a predetermined" distance position from 
the recording medium and is moved together with the 
recording head H by the recording head moving device; 
wherein the feeding amount of the recording medium P forced 
by the recording medium feeding device is determined on the 
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basis of th« position on which the mark detecting device 
detects the mark M. 
[SELECTED DRAWINGS] Fig. 1 
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